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MICRO FABRICATED HOT WIRE VACUUM SENSOR 
Background 

This invention relates generally to vacuum sensors to 
sense pressure within an enclosed system. 

Integrated circuits may be hermetically packaged. 
5 There are a number of reasons for hermetically packaging 
components but, generally, hermetic packaging is used to 
isolate those components from the deleterious effects of 
the surrounding environment . Vacuum packaging of 
integrated circuits in microsystems may enhance device 
10 performance and/or to improve reliability. 

However, monitoring the pressure within a vacuum 
package is difficult because stand-alone vacuum sensors 
typically are too large and costly to integrate within an 
integrated circuit package. Absent an internal sensor, the 
15 internal pressure within the vacuum package cavity is 
unknown over the life of the product and can only be 
estimated from gas pressure measured during the packaging 
process . 

Hermetic packaging may also enable control of ambient 
2 0 gas composition and/or pressure. There are techniques to 
characterize the leak tightness of packages such as 
fluorocarbon bubble and helium detection tests. However, 
there are no universal techniques to measure the leak 
tightness of packages with very small cavities, such as 
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those of a size less than a cubic centimeter, that may be 
found in numerous commercial microelectromechanical system 
devices, including those with radio frequency components. 
Thus, there is a need for better ways to measure 
5 cavity pressure. 

Brief Description of the Drawings 
Figure 1 is a perspective view of one embodiment of 
the present invention; 

Figure 2 is a reduced, cross-sectional view of one 
10 embodiment of the present invention; 

Figure 3 is a reduced, cross-sectional view of another 
embodiment of the present invention; 

Figure 4 is a reduced, cross-sectional view of one 
embodiment of the present invention in the course of 
15 manufacture; 

Figure 5 is a reduced, cross-sectional view at a 
subsequent stage in accordance with one embodiment of the 
present invention; 

Figure 6 is a reduced, cross-sectional view at a 
2 0 subsequent stage of manufacture in accordance with one 
embodiment of the present invention; and 

Figure 7 is a reduced, cross-sectional view taken 
generally along the line 7-7 in Figure 1 in accordance with 
one embodiment of the present invention over a substrate. 
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Detailed Description 
Referring to Figure 1, a microf abricated hot wire 
vacuum sensor 10 may be formed using integrated circuit 
fabrication techniques on a substrate (not shown) . In some 
5 embodiments, the sensor 10 may measure internal cavity 
pressure. In one embodiment, the sensor 10 may measure 
pressures in the range of 10~ 2 to 10 3 Torr in vacuum packaged 
microsystems. The sensor 10 may also be used for leak 
testing of sealed integrated circuit or microsystem 
10 packages. Pressure monitoring in a vacuum packaged device 
may be performed directly by using the calibrated vacuum 
sensor 10. Leak tightness testing may be performed by an 
appropriate metrology that makes use of the vacuum sensor 
10. 

15 The sensor 10 may be formed on an insulator 24. A 

first U-shaped contact 12 is positioned on one side of the 
sensor 10 and a second U-shaped contact 12 is positioned on 
the opposite side. A contact foot 17 supports a 
serpentine, electrically conductive, suspended 

20 microf abricated wire 14. The foot 17 also electrically 

couples the contacts 12 and the wire 14 . The wire 14 heats 
up when an electrical current, supplied through the 
contacts 12, is passed through the wire 14. In one 
embodiment, the contacts 12 may include two leads 13 to 

25 enable four-point resistance measurements. 
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The wire 14 heats up to a temperature determined, in 
part, by the applied voltage and the ambient pressure. The 
voltage across and the current through the wire 14 can be 
measured and, with proper calibration, the temperature of 
5 the wire 14 can also be measured. The voltage and current 
through the wire 14 allows the steady state heat loss from 
the wire 14 to be determined. 

To measure the temperature of the suspended wire 14, 
the resistance of the wire 14 may be measured locally using 

10 a four-point resistance measurement and the temperature may 
be calculated using a known temperature coefficient of 
resistance or an appropriate calibration function for the 
wire material . 

The wire itself acts as a thermistor or resistance- 

15 based temperature sensor. This arrangement may enable a 
simpler sensor with only one structural material that is 
amenable to integrated circuits, microf abrication, and 
integration with integrated circuits or microsystems. 

Referring to Figure 2, the sensor 10 may be formed 

20 over an insulator 20 on an integrated circuit 18. The 
device 10 may be fabricated using integrated circuit, 
monolithic fabrication techniques in one embodiment. At 
the same time, a microsystem 22 may also be formed over the 
substrate 18 using monolithic, microcircuit integrated 

25 circuit fabrication techniques. 
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The system 22 and the sensor 10 may then be 
hermetically sealed inside an enclosure 24. As a result, a 
hermetically sealed cavity 26 is established in isolation 
from the ambient atmosphere. In one embodiment, the cavity 
5 26 may have a volume of less than a cubic centimeter. 

The enclosure 24 may, for example, take the form of a 
lid bonded to the substrate 18, a dedicated physical 
housing for the sensor 10 and substrate 18, such as a metal 
or ceramic hermetic package, or a sealed chamber, such as a 
10 vacuum chamber. 

In many cases, the vacuum sensor 10 may be integrated 
with little or no modification to the fabrication process 
used to form the microsystem 22. 

The sensor 10 may be utilized to monitor the pressure 
15 inside the cavity 26. The vacuum sensor 10 may occupy a 

relatively small fraction of the volume inside the cover 24 
and a relatively small fraction of the surface of the 
substrate or die 18 in one embodiment. For example, in one 
embodiment, the sensor 10 may be integrated with a system 
2 0 22 including gold-cant ilevered radio frequency switch, with 
no modification to the microf abrication process. The wire 
14 may be formed of gold in such an embodiment . 

Referring to Figure 3, in accordance with another 
embodiment of the present invention, a hybrid integration 
25 scheme uses a vacuum sensor 10 within a sealed package. 
The vacuum sensor 10 may be formed as a separately 
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fabricated integrated circuit die. A microsystem 28 may 
also be formed as a separate integrated circuit die. The 
dice for the sensor 10 and the circuit 2 8 may be packaged 
within a common enclosure 24. In some embodiments, the 
5 substrate 18 may be silicon, glass, ceramic, or an organic 
die or packaging substrate. 

Wire bonding, flip-chip, and/or other electrical 
interconnect technologies may be utilized to couple the 
sensor 10 and the circuit 2 8 to one another and/or to other 

10 components. Hybrid integration may yield larger packages 
than those with the monolithic approach shown in Figure 2. 
However, the use of the vacuum sensor 10 may offer 
advantages relative to existing vacuum sensor technology in 
terms of size, and likely in terms of cost, due to the 

15 small die size and simplicity of fabrication process. 

Referring to Figure 4, the fabrication of the sensor 
10 may begin with the deposition of the insulator 2 0 on a 
substrate 18. A seed layer 12 may be deposited and 
patterned to form the contacts 12 on the opposed ends of 

2 0 the sensor 10. 

As- shown in Figure 5, a sacrificial layer 32 may be 
deposited and patterned to form the openings 34 in which 
the feet 17 will eventually be formed. Then, referring to 
Figure 6, the wire 14 may be deposited and patterned over 

25 the sacrificial layer 32. The patterning may be done using 
conventional lithography and masking techniques. 
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Then the layer 32 may be removed, for example, by 
chemical etching, heating, or using other release 
techniques. As a result, the wire 14 becomes suspended, as 
shown in Figure 7, over the insulating layer 20, mounted on 
5 the feet 17. 

The enclosure 24 may take the form of a lid attached 
to a substrate, a dedicated physical housing for the sensor 
and substrate, such as a metal and ceramic hermetic 
package, or a sealed chamber such as a vacuum chamber. The 

10 contacts 12 on the substrate 18 may extend under the 

enclosure 24 to enable electrical access to the vacuum 
sensor 10 from outside the enclosure 24. Electrical 
contacts may also pass to the exterior of the enclosure 24 
through the enclosure 24 or through the substrate 18 (e.g., 

15 through conductive vias) . 

External measurement hardware (not shown) may be used 
to operate the sensor 10. Such hardware may include a DC 
power supply, an ammeter, and a voltmeter. 

The system 22 may be a micromechanical transducer, a 

2 0 micro-electromechanical system, a micro optical transducer, 
a micro optical electromechanical system, a micro ionizing 
radiation transducer, a micro thermal transducer, a micro 
magnetic or electromagnetic transducer, a micro chemical or 
a biological transducer, or a microfluidic device, to 

25 mention a few examples. The system 22 may be sealed within 
the same enclosure 24 as the vacuum sensor 10. 
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The enclosure 24 may be part of the integrated circuit 
packaging or may itself be enclosed within other packaging, 
as two examples. 

While the present invention has been described with 
respect to a limited number of embodiments, those skilled 
in the art will appreciate numerous modifications and 
variations therefrom. It is intended that the appended 
claims cover all such modifications and variations as fall 
within the true spirit and scope of this present invention. 

What is claimed is: 
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